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Abstract

This work is to study the characteristics and effects of thermal annealing of
hafnium dioxide (HfO;) as a gate dielectric layer. Which through the varied
temperature rapid thermal annealing (RTA) investigates the electrical characteristics
and reliability behavior.

We propose a breakdown model for the mechanism of dielectric breakdown and
the conduction path of breakdown for HfO, dielectric. The hafnium dioxide (HfO,)
dielectric layer has more traps and defects than silicon dioxide (SiO,) layer. There is
an interfacial layer (IL) with smaller dielectric constant between the hafnium dioxide
(HfOy) layer and the silicon substrate. When the electric field applied, the interfacial
layer (IL) will sustain the larger electric field resulting in the soft breakdown (SBD)
behavior. As long as a continuous electric field is applied, traps and defects in the
dielectric layer will increase. The formation of the leakage current’s conduction path
leads to progressive breakdown (PBD). And then, the value of the electric field
between the dielectric layer and the metal gate and that between the dielectric layer
and the silicon substrate is different. In the dielectric layer, traps and defects will
become the hour-shaped distribution pattern of channels. Finally, the structure leaded

to the phenomenon of hard Breakdown (HBD).
Keywords : High-K dielectric, hafnium dioxide (HfO,), reliability, breakdown

mechanism, soft breakdown (SBD), progressive breakdown (PBD), hard breakdown

(HBD).
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